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1
DRILL STRING SAFETY VALVE DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage application, filed under
35 U.S.C. § 371, of International Patent Application No.
PCT/NO2018/050258, filed Oct. 26, 2018, which claims
priority to Norwegian Patent Application No. 20171719,
filed Oct. 27, 2017, which are incorporated by reference
herein 1n their entirety.

FIELD OF THE INVENTION

The invention concerns the field of dnlling into fluid
reservoirs 1n earth formations. More specifically, the inven-
tion concerns an improved valve for controlling pressures
inside a drill string when drilling 1nto a fluid reservoir 1n an
carth formation. The nvention 1s particularly useful for
controlling pressure vanations inside a drill string when
drilling into subterranean reservoirs.

BACKGROUND OF THE INVENTION

Drilling wells into subterranean reservoirs containing
hydrocarbon fluids and/or water, be 1t on an onshore location
or a subsea seabed, requires a continuous monitoring and
control of the fluid pressure inside the dnll string. Hydro-
carbon wells are subjected to rapid pressure diflerentials that
may cause great damage and be catastrophic for the drilling
rig and rig personnel 11 uncontrolled. Safety valves that are
connected to, and form a part of, the drill string are essential
components for ensuring the safety of drilling operations.
Such valves may be used as safety valves on the rig floor as
well as down-hole, to manage safe operations by controlling,
kicks and preventing back-flow of the drilling mud inside
the drill string during drilling operations.

Various types of drilling safety valves exist. One example
1s the so-called “Kelly Valve”, which 1s a manually operated
ball valve used to close the bore of the drill string and stop
backflow. The Kelly Valve i1s designed for high-pressure
conditions and can hold pressure from both directions, and
1s normally screwed into the top of a drill string, below the
top drive, where 1t may be operated by a drill floor worker.
The Kelly Valve 1s also often referred to as a “Full Opening
Safety Valve” (FOSYV), because when the ball valve 1s 1n the
open position; the flow path through the valve has a smooth
inside diameter. During drilling operations, Kelly Valves
matching the applicable sizes of drill pipe, drill collar,
tubing, etc. need to be available on drill floor, ready to be
stabbed 1n. When abnormal situations occur and a predefined
pressure limits 1s exceeded, the drill floor worker can close
the Kelly Valve to stabilize the pressure inside the drill string,
and avert a potential kick. One example of a Kelly Valve 1s
disclosed by U.S. Pat. No. 3,086,746. Another type of
drilling safety valve for installation onto the drill string, 1s
the so-called “Inside Blow-out Preventer Valve” (IBOP
Valve), also commonly referred to as a “Gray Valve”. The
IBOP Valve 1s a check valve, which allows pumping through
the valve and into the dnllstring, but prevents upward tlow.

One problem associated with the known drilling safety
valves 1s their size and weight. Typically, each valve may
weigh approximately 100 kg, requiring at least two dnll
floor workers to be located on the drill floor 1n order to install
the valve into the drill string. The installation 1s time
consuming, which i1s undesirable 1n an emergency situation.
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2

It 1s therefore an object of the invention to provide a smaller,
and thus lighter, drilling safety valve than those of the prior
art.

SUMMARY OF THE INVENTION

The mvention 1s set forth and characterized in the main
claim, while the dependent claims describe other character-
istics of the mvention.

It 1s thus provided a dnll string safety valve device,
comprising a body with a through-going flow bore and
connectors at respective ends of the flow bore for connection
to tubulars, characterized by a valve member movably
arranged 1n said flow bore and configured for being set 1n
one of two states, wherein a first state of the valve member
allows fluid to flow 1n both directions though the flow bore,
and wherein a second state of the valve member allows tluid
flow through the flow bore 1n only one direction.

In one embodiment, the valve member comprises guide-
and-support means whereby the valve be moved between the
two states. The valve member may be movably arranged on
a first support member and the valve member 1s configured
to bear against a first valve seat. In one embodiment, the first
valve seat 1s arranged on the first support member. The drill
string safety valve device comprises a resilient element, such
as a spring, configured to exert a force on the valve member.

In one embodiment, the valve member comprises a rotat-
able ball valve having a through-going flow bore.

In another embodiment, the valve member comprises a
valve head movably connected to a second support member,
and the second support member 1s movably connected to the
first support member.

The drill string safety valve device further comprises
operating means configured for operating the valve member
between said two states.

The drill string safety valve device body 1s 1n one embodi-
ment a tubular body having an outer diameter corresponding
to the outer diameter of the tubulars to which 1t may be
connected.

A common principle of both of the embodiments of the
invented satety valve device 1s 1ts dual functional capability:
as check valve and as a full opening safety valve. The
change between these two states (or configurations) 1is
ellectuated by moving the valve member (e.g. ball valve or
the valve head) inside the valve body. Preferably, the valve
member 1s moved along the body longitudinal axis. The
valve member 1s preferably moved with respect to the valve
cage.

The mvented safety valve device 1s therefore 1n effect a
combination of the above mentioned Kelly Valve and the
Grey Valve, and as such provides greater flexibility and
improved logistics, compared to the safety valves of the
prior art. The invented safety valve device may be made
compact, and weights on the order of 25 kg have been
envisaged. However, the mvention shall not be limited to
weilghts or dimensions.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other characteristics of the invention waill
become clear from the following description of an embodi-
ment, given as a non-restrictive example, with reference to
the attached schematic drawings, wherein:

FIG. 1 1s perspective view of an embodiment of the
invented safety valve device;

FIG. 2 1s an exploded perspective view of the valve device

illustrated 1n FIG. 1;
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FIG. 3 1s an enlargement of the encircled area “A” 1n FIG.
2;

FIG. 4 1s a sectional drawing of an embodiment of the
invented valve device, 1n a forced-closed state;

FIG. 5 1s a perspective, and partly cutaway, view of an
embodiment of the invented valve device, 1n a forced-closed
state, and thus corresponding to FIG. 4;

FIG. 6 1s a sectional drawing of the invented valve device,
in a forced-open state;

FIG. 7a 1s a perspective, and partly cutaway, view of the
invented valve device, 1n a forced-open state, and thus
corresponding to FIG. 6;

FIG. 7b 1s a perspective, and partly cutaway, view of the
valve device and state as illustrated in FIG. 7a, but seen from
a view diametrically opposite to that of FIG. 7a;

FIG. 8 15 a sectional drawing of the invented valve device
in a static and locked-open state;

FIG. 9a 1s a perspective, and partly cutaway, view of the
invented valve device 1n a static and locked-open state, and
thus corresponding to FIG. 8;

FIG. 95 1s a perspective, and partly cutaway, view of the
valve device and state as illustrated 1in FIG. 9a, but seen from
a view diametrically opposite to that of FIG. 9aq;

FIG. 10q 15 a sectional drawing of an alternative embodi-
ment of the invented valve device, 1n a static and locked-
open state;

FIG. 106 1s a sectional drawing of the valve cage, inner
valve cage and valve member of the embodiment of the
invented valve device illustrated 1n FIG. 10q (1.¢. 1n a static
and locked-open state), and the where the view 1s rotated 90°
around the body longitudinal axis y, compared to the view

in FIG. 10; and
FIG. 10c¢ corresponds to FIG. 105, but shows the valve

member 1n a forced-closed state.

DETAILED DESCRIPTION OF A
PREFERENTIAL EMBODIMENT

The following description will use terms such as “hori-
zontal”, “vertical”, “lateral”, “back and forth”, “up and
down”, “upper”’, “lower”, “mner’, “outer”, “forward”,
“rear”’, etc. These terms generally refer to the views and
orientations as shown in the drawings and that are associated
with a normal use of the invention. The terms are used for
the reader’s convenience only and shall not be limiting.

Referring to FIG. 1, the invented safety valve device 1
comprises 1n the illustrated embodiment a tubular, elon-
gated, body 2, with an axial, through-going, tlow bore 235
and oppositely arranged openings 18, 19. A pin 4 and a box
3 are arranged at opposite axial ends of the body. In a
practical application, the body 2 outer diameter OD will
correspond to the outer diameter of the drill string joints (not
shown) to which the safety valve will be connected. In use,
the pin 4 1s connected to a dnll string joint (not shown)
below the valve body 2, and the box 3 1s connected to a drill
string joint (not shown) above the valve body 2. Such
connection means and methods are well known to the skilled
person, and need therefore not be described 1n more detail
here. The tubular, elongated, body 2 with an outer diameter
corresponding to the drill string outer diameter, enables
running the valve device downhole as a part of the dnll
string.

Also seen 1n FIG. 1 1s the head of a valve actuator bolt 5.
The actuator bolt 5 extends through an access bore 20 (see
FIG. 2) 1in the body 2. In the illustrated embodiment, the
head has a shape which 1s compatible with an Allen wrench
whereby the bolt may be operated by e.g. a drill floor
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worker, but the skilled person will understand that the bolt
head may have other shapes. Reference numbers 6a and 64
point to indicator markings on the valve body 2, where 6a
indicates a locked-open valve (allowing backflow) and 65
indicates a check valve configuration (discussed below).

FIGS. 2 and 3, are exploded views of parts inside the
valve body. It should be noted that seals, threads and other
fasteners for assembly are not shown 1n the figures, as these
teatures are well known for the skilled person and need
therefore not be illustrated or described for the purpose of
clucidating the mvention. FIGS. 2 and 3 show a valve cage
9, having an elongated, tubular body, and configured for
assembly inside the valve body 2. The valve cage 9 com-
prises tlow openings 26a,b at opposite axial ends of the cage,
and lateral flow openings 22. The valve cage 9 also com-
prises a pair of elongated, guide slots 23, 24 arranged at
diametrically opposite sides of the cage and extending along
the cage 9 (and valve body 2) longitudinal axis.

A ball valve 7 comprises a pair of guide pegs 12, 14
arranged at diametrically opposite sides of the ball valve.
The first guide peg 12 1s configured to be slidably arranged
in the first guide slot 23, and the second guide peg 14 is
configured to be slidably arranged in the second guide slot
24, as 1s explained in more detail below. The first gmide peg
12 comprises at 1ts free end a receptacle 13 having a
geometry which 1s compatible with the above mentioned
actuator bolt 5. The ball valve 7 may thus be operated
(rotated) by inserting the actuator bolt in the receptacle 13
and then rotating the bollt.

A first (upper) valve seat 10 1s arranged at one end of the
cage 9 and configured for sealing engagement with the ball
valve 7. A second (lower) valve seat 11 1s arranged at the
opposite end of the cage 9 and configured for sealing
engagement with the ball valve 7. Integral with the second
valve seat 11 1s a first (upper) spring abutment ring 15. (It
should be understood, however, that the second valve seat 11
and first spring abutment ring 15 may be separate parts.)
Arranged between the first spring abutment ring 15 and a
second (lower) spring abutment ring 16 1s a coil spring 8 A
retainer ring 17 serves to secure the above mentioned parts
inside the valve body 2 flow bore 25 when assembled.
Required threads and/or locking member to secure the
retainer ring 17 to the valve body 2 are not illustrated, as
such devices are well known 1n the art.

FIGS. 4 and 5 illustrate the safety valve device 1 in an
assembled state. The retaimner ring 17 1s fixed to the valve
body 2 and holds the valve parts 1n place 1nside the flow bore
25. The upper end of the valve cage 9 and the first (upper)
valve seat 10 bear against a flow bore neck 27. The spring
8 forces the ball valve 7 along the body longitudinal axis v,
against the first (upper) valve seat 10, and the ball valve thus
prevents back-flow (1.e. upwards in FIG. 4). The ball valve
7 comprises a through-going flow bore 21, but 1n the ball
valve position shown 1n FIGS. 4 and 5, the flow bore 21 1s
not aligned with the valve device flow bore 25, whereby
flow through the ball valve flow bore 21 1s prevented.

In this “forced-closed” configuration, wherein the ball
valve 1s Torced against the upper valve seat 10 by the spring
force, the safety valve device 1 has the characteristics of a
Grey Valve (i1.e. a check valve configuration), preventing
back flow through the valve body 2. It should be understood
that the spring 8 will have to be designed and dimensioned
(1including the required resilience and stiflness) according to
the intended use of the valve device.

FIGS. 6, 7a and 7b show a valve configuration similar to
that of FIGS. 4 and 5, but here a fluid F 1s applied from

above, with pressure suflicient to overcome opposing force
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in the spring 8. The ball valve 7 1s thus pressed downwards
by the fluid F, whereby the fluild may flow around the ball
valve 7 and out through the cage opemings 22 into the flow
bore outside the cage, and back 1n through the cage openings
22 and out of the valve body through the opening 18. The
arrows 1ndicate the flow path. Thus, these figures may be
illustrative of a situation in which a drill fluid 1s pumped
through the valve device and into the dnll string below the
valve device. Thus, 1n this “forced-open™ configuration, the
ball valve 1s forced away from the upper valve seat 10 by the
fluid force.

As discussed above, and as readily apparent from FIGS.
7a and 7b, the first guide peg 12 1s configured to be slidably
arranged 1n the first guide slot 23 (see FIG. 7a), and the
second guide peg 14 1s configured to be slidably arranged 1n
the second guide slot 24 (see FIG. 75). As shown 1n FIG. 75,
the free end 14' of the second guide peg 14 1s shaped to allow
movement in the second guide 24 slot only when the second
guide peg 1s 1n certain orientation. In the illustrated embodi-
ment, the peg free end 14' has an oblong cross-section with
two opposite flat surfaces and 1s dimensioned such that the
peg may travel 1n the second guide slot 24 only when flat
surfaces are aligned with the guide slot, as shown 1n FI1G. 7b.
Referring to FIG. 7a, 1t will be understood that the ball valve
7 may be rotated by rotating the first guide peg 12, in the
illustrated embodiment by rotating the actuator bolt S when
the bolt 1s inserted 1in the receptacle 13. It will also be
understood that such ball valve rotation 1s not possible when
the second guide peg 14 free end 14' 1s in the second guide
slot (as shown 1 FIGS. 7a and 7b6). The ball valve 7 may
only be rotated when the guide peg free end 14' 1s 1n the
enlarged portion 24' (see FIG. 7b) at the upper end of the
second guide slot 24. This configuration is illustrated in FIG.
96, where the ball valve 7 has been rotated a quarter-turn,
such that the guide peg free end 14' 1s lodged 1n the enlarged
portion 24" and prevented from moving in the second guide
slot 24. FIGS. 8, 9a and 954 thus illustrate the invented valve
device 1n a static and “locked-open” state, in which the ball
valve 7 1s prevented from moving inside the valve cage.
However, the ball valve 7 through-going flow bore 21 1is
aligned with the valve device flow bore 25 when the ball
valve 1s 1n the position shown in FIGS. 8, 94 and 95.
Therefore, 1n this configuration, the valve device has an
open, through-going bore (21 and 25) and fluid F (e.g. dnll
fluids) may flow upwards (backilow) through the valve
device as indicated by the arrows. When the ball valve 1s 1n
this position, the valve device may be installed onto the drll
string, 1n case of upward tlow, and subsequently closed to
stop the upward flow.

In use, the invented valve device 1 may be placed in the
top of a drill string, below the top drive, and set 1n a state as
shown 1n FIGS. 8, 9a and 95, 1.e. with the ball valve flow
bore 21 aligned with the valve device tlow bore 235 and thus
allowing uninhibited flow through the valve device. This
state would be similar to the operation of a conventional
Kelly Valve. When abnormal situations occur and a pre-
defined pressure limits 1s exceeded, the drill floor worker
may engage the actuator bolt 5 and rotate the ball valve to
the state illustrated 1n FIGS. 6, 7a and 74. In this state, the
ball valve flow bore 21 does not permit flow through the ball
valve, but the ball valve 1s movable 1n the guide slots 23, 24.
In this state, the invented valve device 1s similar to an IBOP
Valve (or Gray Valve), 1.e. a check valve which allows
pumping through the valve into the dnllstring but prevents
upward flow.

An alternative embodiment of the invented valve device

1s schematically 1llustrated in FIGS. 10q, 1056 and 10c. In
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this embodiment, the ball valve (7, discussed above) has
been replaced by a dome-shaped valve head 29 which 1s
configured to seal against the upper valve seat 10. The valve
head 29 1s supported, via a stem 33, by an inner valve cage
28 which 1s slidably arranged inside the valve cage 9.
Although not illustrated, it should be understood that the
iner valve 28 comprises lateral flow openings similar to the
lateral flow openings 22 in the valve cage 9, as described
above. FIGS. 10aq and 105 show the valve device 1n a static
and locked-open state; 1.e. the valve head 29 is retracted
(lowered) from the upper valve seat 10 in order to allow flow
through the valve device. Functionally, therefore, this con-

figuration corresponds to the configuration illustrated 1n
FIGS. 8, 94 and 956 and discussed above.

The nner valve cage 28 may be moved (along the body
longitudinal axis y) inside the valve cage 9. As an example,
this movement may be accomplished by a rack-and-pinion
mechanism 30, 31, wherein the pmmion 31 i1s operated
(turned) by an actuator (not shown) extended through the
access bore 20. Turning the pinion 31 will move the 1nner
valve cage 28 by interaction with the rack 30.

In FIG. 10c¢, the pinion 31 has been turned so as to move
the inner valve cage 28 upwards until the valve head 29
upper dome-shaped portion bears against the upper valve
seat 10. A spring 32 1s arranged between the valve head
lower side and the inner valve cage and thus serves to force
the valve head toward the valve set 10. Functionally, the
configuration 1illustrated 1 FIG. 10¢ corresponds to the
configuration illustrated in FIGS. 4 and 5 and discussed
above (1.e. a check valve configuration).

When a pressure of a magmitude suflicient to overcome
the force 1n the spring 23, the valve head 29 may be moved
a distance d, away from the upper valve seat and towards the
inner valve cage. This pressure may for example be 1n the
form of a fluid, indicated by the arrow F i FIG. 10c.
Functionally, this configuration (which 1s not 1llustrated per
se¢) corresponds to the configuration 1illustrated in FIGS. 6,
7a and 7b and discussed above (1.e. a check valve configu-
ration).

A common principle of both of the embodiments of the
invented valve device 1s the dual capability of functioning
both as check valve and as a full opening safety valve, and
wherein the change between these two configurations may
be eflectuated by moving a valve member (e.g. the ball valve
7 or the valve head 29) inside the valve body 2. Preferably,
the valve member 1s moved along the body longitudinal axis
y. The valve member 1s preferably moved with respect to the
valve cage.

It should be understood that the mvented safety valve
device may be made of any material suitable for the intended
use, for example stainless steel.

Although the invention has been described with reference
to a coil spring 8, 1t should be understood that other resilient
members may be equally applicable.

The mnvention claimed 1s:

1. A dnll string safety valve device, comprising:

a body with a through-going flow bore and connectors at
respective ends of the flow bore for connection to
tubulars; and

a valve member movably arranged 1n said flow bore and
configured for being locked into one of two states,
wherein a {irst state of the valve member allows fluid to
flow 1n both directions though the flow bore, and
wherein a second state of the valve member allows
fluid flow through the tflow bore 1n only one direction.
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2. The dnll string safety valve device of claim 1, wherein
the valve member comprises guide-and-support means,
whereby the valve be moved between the two states.

3. The dnll string safety valve device of claim 1, wherein
the valve member 1s movably arranged on a first support 3
member.

4. The drill string safety valve device of claim 1, wherein
the valve member 1s configured to bear against a first valve
seat.

5. The drill string safety valve device of claim 4, wherein 10
the first valve seat 1s arranged on a first support member.

6. The drill string safety valve device of claim 1, further
comprising a resilient element configured to exert a force on
the valve member.

7. The dnll string safety valve device of claim 1, wherein 15
the valve member comprises a rotatable ball valve having a
through-going flow bore.

8. The drill string safety valve device of claim 1, wherein
the valve member comprises a valve head movably con-
nected to a second support member, and the second support 20
member movably connected to a first support member.

9. The dnll string safety valve device of claim 1, further
comprising operating means configured for operating the
valve member between said two states.

10. The drill string safety valve device of claim 1, wherein 25
the body 1s a tubular body having an outer diameter (OD)
corresponding to the outer diameter of the tubulars to which
it may be connected.

11. The dnll string safety valve device of claim 9, wherein
the operating means 1s further configured to lock the valve 30
member into one of the two states.

G e x Gx ex
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